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Description 

BACKGROUND OF THE IIMVENTION 
1 . Field of the Invention 

[9001] The present Invention relates generelly to vas- 
cular cath^era. fAore particularly, the present Invention 
relates to atherectonYy.catheters capable of pertormlng 
abrasion atherectonny, optionally In combination with 
transluminal Imaging. 

[9002] The blood vessels of human beings commonly 
become conatrided due to the deposition of fatty SLit>- 
stances, e.g., lipoproteins, on the interior of the vessel 
walls. TMs condition, Itnown as arteriosderosiSi or 
atherosclerosis, occurs naturally as a part of the aging 
process. TTie condition may also be promoted by such 
ffactore as heredltyp diet, hypertension, and dgarette 
smoke. The vascular deposits result in a restriction of 
blood flow and in serious cases can piece a person's 
health at risk. In acute cases the restriction can result in 
stroke, hemorrhage, etc. Initially, the fatty deposits are 
relatively soft; however, over time they become Ibrotic 
end hardened. 

[000^ Numerous approaches for reducing and re- 
moving intravascular deposits r»ve been proposed. 
The deposits, called atheromas or atherosclerotic 
plaques, can be reshaped by dilatation of an inHatable 
balloon located at the distal end of an angbplasty cath- 
eter. Altemativeiy, atheromas can be removed from the 
vessel wall by cutting , grinding, or thermal ablation, e. 
g., via laser angioplasty. Of particular Interest to the 
present invention are atherectomy catheters that re- 
move atheromas from the vessel wall by cutting or grind- 
ing. 

[0004] In a typical atherectomy operation, a catheter 
of appropriate diameter is introduced into a patient'b 
vascular system and positioned atyaoent the occluding 
atheroma. The distal end of the catheter is provkied with 
a blade whk:h is brought Into contact with the atheroma. 
The catheter may either be a terminal (front-end) cutting 
type or a side-cutting type. Side-cutting atherectomy 
catheters frequently employ en inflatable balloon locat- 
ed opposite the blade to firmly eng^ the blade with 
the atheroma. 

[OOOq However, the above devices have certain de- 
f!dendes. I n particular, the blades of the cutting element 
may slice into too much of the occluding material at one 
time, thereby causing release of large emboli and/or 
mpture of the vessel wail. Moreover, If the emboli are 
not promptly captured and removed from the patient's 
body, they may pass through the vascular system until 
they become wedged In narrow points of the vascular 
channels. If an embolus becomes lodged In a critical re- 
gksn of the vascular system, e.g., a coronary artery, the 
patienfiB health can be placed seriously et risk. 
[POOq The release of large emboli into the vascular 
system Is particularly probienmtic when ftot-end cath- 


eters are employed. Front-end devils generally em- 
ploy a cutting element which extends beyond the distal 
end of a casing for the cutting element See, for exam- 
ple, U.S. Patent No. 4,857,046. Thus, nslatlvety large 

« particles can be dislodged f^ ttte athenoma. Addition- 
ally, the didodged pariides generally remain outskto the 
cesing of the OJtting element, free from entrapment by 
the catheter. If such particles are not promptly coliecled 
they wfll circulate flteety through the vascular system as 

10 emboli. 

[0007] Side-cutting catheters generally reduce the 
likelihood that emboli will be released into the vascular 
system since the housing in which the blades are at least 
pardaily contained can pas^ly collect dt^odged par- 
ts tides. The coDeded partides can be removed firom the 
patient's vascular system upon retraction of the cathe> 
ter. See, U.S. Patent No. 4,794,931. However, many 
particles can be expected to escape entrapment within 
the catheter in such a device. 
20 [OOOq Several methods have been proposed for rem- 
edying the shortcomings identified above. One ap- 
proach is to modify the impacting head In order to chan- 
nel distodged particles into the catheter. See, Ibr exam- 
ple, U.S. Patent No. 4,857,046 whteh describes an au- 

29 ger-iike mechanism for collecting particles. Another ap- 
proach is to provide an aspiration means for actively re- 
moving partides ftom the v^cular system. See, for ex- 
ample, U.S. Patent No. 4,857,045. Stin other approedv 
es involve modifying the Impeding head to reduce the 

30 size of the dislodged partides in an efTbrt to minimize 
the risk to the patient presented by large emboli. See. 
for example, Rg. 4 of U.S. Patent No. 4,857,045. None 
of the approaches proposedfor reducing the size of par- 
tides and for capturing and withdrawing the partides 

39 provides a satisfactory solution for these problems. 
[0009] For these reasons it is desirable to provide 
catheters that grind atheromas into very small debris 
particles. Also, it is desirable to remove those partides 
via catheters provided with flushing and aspiration 

40 means fbr removing the partides. Such devices are ex- 
pected to significantly reduce the potential for release 
of ieige emboli. Additionally. It is desired to provide a 
means for transluminally imaging the site of atherecto- 
my In order to determine the location and extent of re- 

46 movai of the undesired tissue. 

2. Elescriptlon of the Background Art 

[0010] U.S. Patent IMOS. 4,867,048, 4,857,046. 

SO 4,842,678. 4,747,821 , 4,631 ,052, and 4,795,438 all de- 
scribe front-end intravascular catheter devices. None of 
the references describe devk»s that grind away athero- 
sderotic plaques vie an impacting head that is substen- 
tialiy contained within a hoi^ng. 1^ do the devtoes uti- 

ss lise an inflatable baDoon means to aid engagement of 
the impeding head with the undesired tissue. US-A-4 
794 931 describes a catheter having a rotary impacting 
head which removes sclerotic material through a side 
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window provided in a housing. An opposing balloon is 
provided to assist placement of the head acQaoent the 
undeslred material. 794 928, 4 465 072 and 3 

689 657 relate to catheter designs intended to scrape 
blood vessels and other body lumens. 
[001 1] Wrious techniques for transluminal imaging of 
the diseased region of a vessel wall have been pro- 
posed, including endoscopic and ultrasonic imaging 
techniques. See, tor example, US-A^ 794 931 which 
describes an ultrasonic transducer attached to the hub 
of a rotary head. See, also. US-A-5 029 588 which de- 
scribes a laser catheter having transluminal imaging ca- 
pablllty, and US^ 117 631 which describes a com- 
bined balloon angioplasty/imaging catheter. 
[0012] A catheter comprising the features of the pre- 
amble of independent Claim 1 is known from US-A-4 
650957. 

ipoiq According to the present invention, there is 
provided an intrav^ojlarcath^r for removing stenotic 
material from a patient's vascular system, said catheter 
comprising: 

an elongate catheter body having proximal and dis^ 
tal ends; 

a housing attached to the distal end of the catheter 
body, said hoiking having an open Interior and an 
aperture therethrough; 

a rotatabte member substantially within the hous- 
ing; 

means for rotating the rotatable memtyer; and 
means within the catheter body fDr withdrawing 
abraded material from within the housing; charac- 
terised in that the rotatabte member has a substan- 
tially cylindrical outer abrasive surfece for abrading 
stenotic material that penetrates the aperture so 
that abraded material coltecte within the housing. 

[9014] A preferred embodiment of the invention has 
an aspirating means connected to the Interior of the 
housing via an axial lumen provided In the catheter 
body. Abraded stenotic material is thereby aspirated 
from the patlenfs body. AddltionaOy, grooves (or chan- 
nels) may be provided axially or heiicaBy along the ex- 
terior of the abrash/e head or along the interior wall of 
the housing. Such grooves assist in transport of abraded 
material from distal the head to points proximal the 
head. A flushing means located external the patlenfs 
body may also be employed to augment removal of ma- 
terial ftom within the catheter housing. 
[0015] Another prefened embodiment has a translu- 
minal Imaging means afflxed to the heed for abrading 
the stenotic material. Preterably, the tranduminal imag- 
ing means is afforded t>y an ultrasonic transducer. 
[OOlfl] A further prefeired embodiment of the inverv 
tion employs at least one inflatable balloon attached to 
the housing. Inflation of the balloon(s} asslste In conted- 
Ing ^e stenotic material with the abrasive head when 
the housing aperture is provided in a side wail of the 


housing. 

[0017] Placement of the rotary member within the 
housing helps ensure that dislodged particles collect In- 
side the housing. Exemplary surfaces of the rotetabte 
member are comprised of diamond powder and fused 
sQIca, tungsten carbide, aluminum oxide, boron carbide, 
and the like. TTie rotatable member can have an axial 
lumen through which a guldewire may be passed. Im- 
aging of the site of occlusion may be provided by an ul- 
trasonic transducer affbced to the rotatable member. 
[0018] The present invention thereby affords superior 
grinding devices for removing stenotic material from a 
pattenfs vascular system. 

PI019] The Invention will be farther described by way 
of exampte with reference to the accompanying draw- 
ings. In which:- 

[002Xq Fig. 1 is a deteil view of the distal region of a 

front-end catheter constructed in accordance with the 

principles of the present invention. 

[0021] Rg. 2 is a deteil view of the distal region of a 

side-on catheter constmcted In accordance wUh the 

principles of the present invention. 

[0022] Rg. 3 Is a cross-eectional view taken along line 

3- 3 of Fig. 1. 

[0023] Rg. 4 is a CTOSs-sectlonal view taken ateng line 

4- 4 of Fig. 2. 

[0024] Fig. 6 is a cross-secttonal view of an altematlve 
housing embodiment oonstruded in accordance with 
the principles of the present invention. 
[0025] Rgs. 6A-D present perspective and end-on 
views of exemplary fh3nt-end abrasive heads constoict- 
ed according to the principles of the present invention. 
[OO^ Rg8.7A-E present perspective views of exem- 
plary side-on abradve heads oor^tructed according to 
the principles of the present invention. 
[0027] Figs. 6A<^ show cross^^ecttonai views of al- 
ternative catheter bodies constructed according to the 
principles of the present Invention (Fig. 6A Is taken along 
line 6-8 of Rg. 2). 

[0028] Rg. 9 is a detail view of a side-on catheter hav- 
ing an alternative detign for provision of means tbr with- 
drawing atmded material. 

DETAILED DESCRIPTION OF THE PREFERRED 


[002q According to the present inventton, Intravascu- 
ter catheters will include en etongated catheter body 
having distal and proximal en(fo. The catheter body will 
include an abrasive head for abrading stenotic material 
at the distal end of the catheter body. Preterably, the 
abrasive head will be provided by an at)rB8lve rotatabte 
member contained sut>stantlally within the housing. The 
housing will be provkled with an aperture to permit in- 
tru^ of the stenotk: material Into the housing cavity. 
At least part of the periphery of the aperture Is expected 
to contact target stenotic rr^aterial during operation of 
the abrasive head, theret>y assisting in containment of 
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particles reload by the grinding process. Also, means 
fior withdrawing atraded material from within the hous- 
ing to a point external the patient Is provided. Preferabty, 
an sspIiHtlng means In communication with the Interior 
of the housing via a axial lumen in the catheter k)ody will 
t>e em ployed as the means for withdrawing dl>f8ded ma- 
terial. 

[IKI30] in a preferred embodiment, the aperture of the 
housing located at the distal end of the catheter will be 
provided In a side wall of the housing. One or more in- 
flatable balloons wilt be optionally provided opposite the 
aperture to permit anchoring the distal end of the cath- 
eter acQacent a target stenosis. 
[0031] The stenotic material that can be abraded by 
the present devices indudes aD naturally occurring oc- 
clusions of va»:ular walls, e.g. , atherosclerotic plaques, 
lipoprotein deposits, blood dots, hemorrtiaged tissues, 
etc. 

[0032] Catheters constructed according to the 
present invention also may Indude a transluminal Imag- 
ing means affixed to the abrasive head. Such imaging 
means preferably will be provided by ultrasonic transp 
ducers. Sultebto transducers are described in U.S. Pat- 
ent No. 4,794,931. 

A. Catheter Bodlea. 

[0033] Thevascularcatheters of the present Invention 
will comprise a catheter body having distal and proximal 
ends. The catheter body will be flexible to permit its pas- 
sage through the vascular system of a patient. Prefera- 
bly the catheter body will be comprised of a flexible 
transparent thermoplastic that affords ready visual In- 
spedlon for air bubbles inside the catheter body. The 
catheter body wilt preferably have a smooth tubular 
shape; however, the catheter body may have a ridged 
structure, particulariy when it Is desired to provide a lu- 
men, e.g., a guidewire lumen, along the longitudinal axis 
of the catheter. 

[0034] The catheter seteded will frave an outer diam- 
eter small enough to permit positioning adjacent the dls^ 
eased region of the vessel wall. Typically, the outer di- 
ameter of catheters employed will be In the range from 
about 1 mm to 4 mm, usually being about 2.6 mm for 
peripheral arteries of adult humans and about 1.7 mm 
for coronary arteries. Catheters employed will typlcaOy 
have a length ranging fipom atxiut 60 cm to 150 cm. 
[9035] Referring now to Fig. 1 , a front-end type vas- 
cular catheter construded In accordance with the prin- 
ciples of the present Invention indudes an elongated 
catheter body 110 having distei 112 and proximal 114 
ends. Catheter body 110 is conneded at its proximal 
end 114 to a manifold (not shown) via manifold connec- 
tor 116. Such manifold connedor Indudes Intemalty- 
threaded means for connecting catheter body 110 to the 
rrmnKbld and is well known to those sMDed in the art 
The distal end of the catheter may be adapted to accept 
a moveable guidewire, described more fully herein b8> 


low. 

[0036] Catheter body 110 is compri^ of a flexide 
plastic tube 118 having an outer dimeter suitable for 
Insertion Into the patlenTs target vessel. Plastic tobe 116 

0 is preferably comprised of a transparmt themnoptastic 
to permit observation of air knibbles intemal the tube. 
Tube 118 Is flexible and indudes at least one lumen ex- 
tending from the distal end 112 to the proximal end 114 
thereof. Additional lumens may be induded as needed. 

10 The utility of such lumens is discussed In more detail 
below. 

[0037] Catheter body 110 is provided at its distet end 
with housing 120. Housing 120 preferably is oonstmded 
from stainless steet and is attached to plastic tube 118 

IS using conventional methods. See, for example, U.S. 
patent application Serial Nos. 732,691 and 834,693 
(now U.S. Patent No. 4.794,931). in front-end type cath- 
eters an aperture 1 22 Is provided in the distei tip of hous- 
ing 120 to perniit penetration of target stenotic material 

20 into housing cavity 124. Housing cavity 124 contains all 
void space within housing 120 and is defined at ite distal 
end by the periphery of aperture 122 and at its proximal 
end by ftexibie tube 118. Abrasive head 126 Is provided 
Intemal housing 120 end is capable of moving exiaity or 

29 rotationaily within housing cavity 124. A cross-section 
of housing 120 along line 3-3 Is presented bi Fig. 3, 
which is discussed herein below. 

[0030] Rg. 2 shows thedlstal region of a side^n cath- 
eter construded In accordance with the prindples of the 

30 present Invention. Catheter body 210 has essentially the 
same dimensions and is constmded Itom essentlaDy 
the same materials as front-end catheter bodies de- 
scribed above. Catheter body 210 has distei end 212 
and proximal end 214 thereof. Proximal end 214 is corv 

se nected to a conventional manifdd connector (not 
shown). A conventional fixed guidewire 215, described 
more fuQy herein below. Is secured to distal end 212. 
Ftexibie tube 216 Is comprised of the same materids 
and has essentially the same configurations allowed tor 

40 the corresponding tube for front-end catheters de- 
scribed above. 

piOSq Rexibte tube 216 is attached to housing 2 16 in 
conventional manner. Housing 218 Is typically com- 
prised of stainless steel and has a cylindrical shape. A 
40 poriion of the sidewail of housing 218 is removed to 
present aperture 220, through which stenotic material 
may penetrate into housing cavity 222. The <fistai tip of 
housing 218 may optionally be provided with an orifice 
through which a guidewire can pass. 
so [0040] In a preferred embodiment at least one inflat- 
abte belioon is provided external the housing so as to 
press the side of the housing having the aperture 
against the target stenotic material. For ^cample, as 
shown In Fig. 2, inflatable baDoon 224 Is provided oppo- 
se site aperture 220 and external to housing 218. Balloon 
224 Is securely attached to housing 218, e.g., viae suit- 
able adhesive. The proximal extremity of balloon 224 is 
preferably bonded to flexible tube 216 via a heat-ehrfnk- 
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^le matarial. Balloon 224 can be inflated by passing an 
inflation medium through an inflation oHfioe 226 provid- 
ed proximate the proximal extremity of k>ailoon 224. Oth- 
er aspects of the inflatable balloon feature of sIde-on 
catheters are presented In U.S. Patent No. 4,794,931. « 
[p041] Fig. 4 presents a cross^cQonal view of the 
sIde-on catheter of Fig. 2 taken along line 4-4 thereof. 
Thus, housing 218 defines housing cavity 224 and Is 
provided with aperture 220 with balloon 222 provided 
opposite aperture 220. 

B. Abrasive Heads. 

[0042] In the present Invention, an abrasive head is 
provided at the distal end of the catheter body. The head 
is contained substantially within the housing located at 
the distal end of the catheter body, it is contemplated 
that a porlton of the abrasive head may extend from 
within the housing to a point beyond the aperture pro- 
vided In the housing; however, the entirety of the head 
will be contained within the housing suffidently to en- 
sure that dblodged stenotic material wDI be substantialty 
contained within the housing. 
[0043] The abrasive head may be comprised of a uni- 
tary abrasive material or may be a oomposite of a sup- 
port material and an abrasive surface material affixed to 
the support When an abrasive surface material Is em- 
ployed it may be adhesively bonded to the support by 
methods wefl icnown to those skilled In the art. Preferred 
abrasive materials comprising the surface of the abra- 
sive head Include fUsed silica, diamond powder, tung- 
sten carbMe, aluminum oxide, boron carbide, and other 
ceramic materials. Suitable abrasive materials are avail- 
able oommerclally from Norton Company, Worcester, 
Massachusetts. 

(0044] When a composite abrasive surface and solid 
support is employed as the abrasive head of the present 
invention, a suitable support material must be identlfled. 
Generally, a suitable support will be any solid material 
that bonds effectively to the abrasive suriiaoe material 
with an adheshre. The support further must withstand 
the inertiai end impact fbroes experienced during oper- 
ation of the abrasive head. 

[0046] A preferred support material Is stainless steel. 
Also, the support pr^erabiy has an axial lumen to allow 
passage of a guldewire thmthrough. 
1)0040] Typically, the abrasWe head Is atteched to a 
drive means via a coupling provided at its proximal end. 
TTie drive means will extend axially through a lumen pro- 
vided in the catheter body to a point external the pa- 
tlenfs body. The drive means is connected to a drive 
motor whk^ provides the power for driving the abrasive 
head. The drive means preferably includes an Intemal 
lumen whk:h permits passage of a guldewire If desired. 
[0047] Operation of the drive means is such that one 
revolution of the drive means causes one revolution of 
the abrasive head. During operation, the drive means 
will usually make 200-100,000 revolutions per minute. 


Also, trenslation of the drive means relative to the cath- 
eter bofiy caus^ a translation of the abrasive head rel- 
ative to the catheter body. Trar»lation and rotation of the 
abrashfe head vte the drive means Is afforded so as to 
pemnit the head to contact stenotic material that pene- 
trates the aperture of the housing. The construction and 
operation of drive means suitable tor use in the present 
Invervtion Is fiirther described in U.S. Patent No. 
4,794,931. 

1 . Front-€nd Catheters. 

[0040] When the catheter Is of the front-end type, the 
abrashre head contained substantiaOy within the hous^ 
ing win have an abrasive surteoe at the distal-most end 
of tiie head. Abrasive ^rfaoes may also be provided 
elsewhere on the head. The proximal-most end of the 
head Is In communication with a means tor driving the 
head, e.g., a drive cable or a compressed fluid means. 
[0048] Fig. 3 presente a cross-sedtonal view of the 
head and housing of the front-end type catheter shown 
In Rg. 1 . ThiB, an abrasive rotetabte member 126 is pro- 
vided Intemal housing 120 and Is posittoned so as to 
pemiit engaging rotatable member 124 with any stenotto 
material that penetrates the aperture 122 In the distei 
end 112 of hou^ng 120. The rotatable member 
need not be wholly contained within housing 120, I.e., 
the most distal region of the rotetabte member may ex- 
tend through aperture 122; however, rotetabte member 
126 must remain suffidently within housing 120 such 
tr»t the abrading surface of the rotatable member re- 
mains substantially within housing cavity 124 defined at 
ito most distal end by aperture 1 22. 
[0050] Grooves (or channels) are optionally provided 
axlalty along the exterior waQ of the abrasive head to 
assist passage of dislodged material from the distalmost 
end of the housing to a point proximal the head. For ex- 
ample. Fig. 3 shows an abrasive rotatable member 126 
provided within hoi»ing 1 20. The outer periphery of ro- 
tateble member 126 provided with two grooves 128. 
An abrasive head having grooves may have only one 
groove or may have a plureitty of grooves. Preterebly, 
the grooves will be spaced equally about the periphery 
of the head; however, such equal spacing is not neces^ 
sary. Abra^ rotateble member 126 is also provided 
with lumen 130 which permits passage of a guldewire 
therethrough and may also assist in the withdrawal of 
released particles from the cfistel region of the head. 
[0051] Grooves may additionally or optionaliy be pro- 
vided axially along the interior surface of the housing. 
For example. Fig. 5 shows a cross-sectional view of an 
exemplary housing 510 having four equally spaced 
grooves 612 along the Interior suriiaoe of houdng 610. 
The same or similar designs having housings provided 
with Interior grooves are also suitable for side-cn cath- 
eters. The grooves or channels vAW usually be oriented 
in a genemily axial direction but it will also be possfbte 
to dispose the grooves helically so tong as they provide 
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or allow for proximal translation of the abraded fnaterial 
passed tfie head. 

[0052] Referring now to Figs. 6A-0 some exemplary 
ftont-end abrasive lieads In accordance with the princi- 
ples of the present Invention are presented. Both side 0 
views and end-on views are presented. Other abrasive 
heads consistent wfth the principles of the present in- 
vention will be apparent to those sidDed In the art. 
prosq Rg. 6A shows head 610 having a cyOndrlcal 
body 612 capped at its distal end by a rounded, e.g.. 
hemisphericalp ebr^ive surface 614. Cylindrical body 
612 is provided with four periodic grooves 616 which 
pemnlt withdrawing abraded materlai from a region distal 
the head to a region proximal the head. An end-on view 
of the head shows the abrasive surface 616 pertodicaDy 
grooved around Its periphery. Drive means 620 is at- 
tached to the proximal end of head 610 and extends 
praxlmaily to a point external the patients body. 
[0054] Fig. 6B shows an alternative head design in 
which head 630 has a cylindrical body and e concave 
depression 632 provided at its distal end. An end-on 
view of head 630 shows an abraah^ surface 634 having 
a circular periphery and an orifice 636 provided central 
to the surface through which a guidewire (not shown) 
may pass. Preferably, when a guldewfre Is employed, 
the wire will pass through the Interior of head 630 via 
orifice 636 and will extend through an axial lumen pro- 
vMed interior drive nneans 620. The concave des^n of 
this and other such heads is expected to further assist 
in containing partldes released upon grinding. 
[0055] Rg. 6C shows another embodiment of an abra- 
sive rotatable member of the present invention. Ftotata- 
ble member 640 has a (^indrfcal body in which periodic 
grooves 642 are axially provided . The distal end 644 of 
rotatabie member 640 has a recessed abrasive surface 
646. Tlie periphery of abrasive surtace 646 Is grooved 
at points conesponding to periodic grooves 642. 
[9056] Rg. 6D presents a further embodiment of an 
abrasive rotatabie member according to the principles 
of the present Invention. Rotatabie head 650 has a sub- 
stantiaily cylindrical body provided with periodic grooves 
652 running axlalty along Its surface. TTie distal end 654 
of head 650 has a substantially planar abrasive surface 
656 attached thereto, "me periphery of surtfece 666 has 
Indentations accommodating periodic grooves 652. The 
center of suifaoe 656 is provided with orifice 656 through 
which a guidewire may pass. Imaging transducer 660, 
e.g.. an ultrasonic transducer, Is afHxed to surface 656. 

2. Side-on Catheters. 

[0057] The abrasive heads of the present invention 
that are suitable for use in side-on catheters are conv 
prised of the same or timllar material and are con- 
stmcted analogously to the heads described above for 
front-end catheters. However, the side-on cethetere of 
the present inventbn can be contrasted from front-end 
designs in that side-on designs allow use of a puD-type 


abrasive head, in which an abrasive surface is provided 
on the proximal end of the head. 
[005q Referring now to Rg. 2, housing 21 6 is provid- 
ed with aperture 220. Prsferebly, aperture 220 is provid- 
ed as an elongated silt in housing 216. Housing 216 fUr^ 
ther defines Internal region 224 In which an abrasive 
head (not shown) wID be provided. Moreover, Internal 
region 224 will be at least partially occupied by target 
stenotic material and debris during operation of the de- 
vice, inflatable balloon 222 Is provided opposite aper- 
ture 220 and external to housing 216. During Inflation of 
Inflatable balloon 222, an Inflation medium Is passed in- 
to balloon interior 228 provided between balloon 222 
and housing 21 & Ulcewise, deflation of balloon 222 oc- 
curs upon removal of Inflation medium from the balloon 
Interior 226. inflation and deflation operations are de- 
scribed more fully below. 

[0059] Referring now to Rgs. 7A-E, exemplary side- 
on abrasive headsare presented. Thus, in Fig. 7A, at>ra- 
slve head 710 is comprised of a cylindrical region 712 
and a conical region 714 distal to the cylindrical region. 
Conical reglon714ls provided with an abrasive surf^, 
which preferably extends over the entirely of the conicai 
region. The cylindrical region 712 of head 710 is provid- 
ed with periodic grooves 716 which aflow passage of 
particles and fluid from distal head 71 0 to proximal head 
710. Orifice 716 is provided in the distal tip of conical 
region 714toaiiowpa88ageofaguldewire. Drive means 
720 Is attached proximaiiy to head 710 to allow transla- 
tion and/or rotation of head 710 to contact the abrasive 
surface of the head against stenotic matertal. 
[0060] Fig. 78 depicts another preferred embodiment 
of an abrasive head suitable for removing stenotic ma- 
terial via a side-on atherectomy cetheter. Thus, the head 
is comprised of cylindricai region 722 proximaDy at- 
tached to conicai region 724. Conicai region 724 has an 
abrasive surface, preferably extending over the entirety 
of region 724. The proximal-most tip of conicai region 
724 Is attached to drive means 720. 
[0061] Fig. 7C presents a farther prefOTed embodi- 
ment of a sIde-on abrasive head. Thus, the head com- 
prises cylindricai region 730 attached at its distal end 
proximal ends to conical regions 732 and 734, respec- 
tively Both regions 732 and 734 are provided wfth abra- 
sive surfaces. Cylindrical region 730 Is provided with pe- 
riodic grooves 736 and Is further provided with transduc- 
er 736. The proximal terminus of region 734 is attached 
to drive means 720. 

[0062] Fig. 7D shows a further preferred embodiment 
of a suitable side-on abrasive head in which an abrasive 
surface is provided over at least part of cylindrical region 
740. Cylindrical region 740 Is further provided with pe- 
riodic grooves 742 as described above. Transducer 744 
is provided in a recess on the surface of region 740. 
[9063] in Rg. 7E, the abrasive head Is comprised of 
two conjoined abrasive regions. Thus, cylindrical region 
750 is Joined to conical region 752 provided distally to 
cylindricai region 750. Groove 754 Is provided axlaDy 
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along cylindriral region 750. 
[0084 Clearly, other designs of abmsive heads are 
contemplated in accordance with the principles of the 
present Invention. Such de^ns wlO be readily apparent 
to one skilled In the art ^ 

C. Means for Withdrawina Material. 

[QOaq A means for withdrawing dislodged stenotic 
material from within the housing for the abrasive head 
Is provided internal the catheter. Such provision permits 
removal of debris generated by the grinding process 
soon after it la produced, thereby greatly reducing the 
likelihood of emboli being released Intothe vascular sys^ 
tern. Provi^on of such withdrawing means intagraity to 
the catheter body also preciudes the need for a means 
Ibr withdrawing debris that is independent of the cathe- 
ter. 

[OOaq Generally, the means for withdrawing abraded 
material wUI be the rame for front-end or side-on cath- 
eters. IHowever, some distinctions between front-end 
and sldeon embodiments with respect to proviston of 
the withdrawing means are envisioned and are de- 
scribed beiow. 

[0097] Preferably, the means for withdrawing abraded 
stenotic material wfli principally employ an aspiration 
means in comrmjnlcatton with the housing chamber In- 
ternal the housing. Such means wID ensure a negative 
pressure Is maintained within the housing chamber rel- 
ative to the surTX)unding vascular system, thereby mini- 
mizing the chance of emboli release from the housing 
chamber. Tlie location selected for the aspiration open- 
ing within the housing Is noncrlticai; however, it will pref- 
erably be dtetai the housing chamber and reiatively near 
the aperture of the housing In order to minimize the time 
abraded material la retained within the housing. 
[0068] Additionally, the means for withdrawing abrad- 
ed material from the housing charT4)er may Include a 
flushing means In communication wfth the chamt>er. The 
flushing means wfli emptoy abtocompatible flushing me- 
dium Suitable flushing media ara weO-known to those 
sMDed in the art and Include saDne end electrolyte solu- 
tions. 

[0089) Cars must be taken to ensure that the Intro- 
duction of flushing media into the region internal the 
housing does not significantly promote release ofemboli 
into the vescular system. Since release of emboli from 
within the housing wQi most iikely occur through the ap- 
erture of the housing, fluking media will preferably be 
Introduced into the housing chamber at a point within 
the housing that Is as distant from the aperture as pos- 
sible. 

[0070] Further, It is preferred that the point selected 
within the housing for Introducing the flushing medium 
wfli be chosen so as to maximize the coverage, or 
'Weep," of flushing medte throughout the Interior of the 
housing. &ch provisbn wiil favor separation of the in- 
troduction point of the flushing medium from the point 


selected for the aspiration opening. 
\fi07i} An exemplary preferred embodiment of the 
above-described means for withdrawing abraded mate- 
rial Is presented In Fig. 9. Thus, the distal region 910 of 
a skSe-on catheter has fiexlble tube 912 attached to 
housing 914. Housing 914 Is provided with an aperture 
916 and with inflatable balloon 918 located opposite the 
aperture. Abrasive head 920 is located in housing cham- 
ber 922 intemai housing 914 and Is connected at Its 
proximal end to drive means 924. Drive means 924 ex- 
tends proximaliy through e lumen provided in flexible 
tut>e 91 2. A moveable guidewire wiil pass through a lu- 
men provided Intemai in drive means 924. The 
guidewire wiD extend through the entire length of cath- 
eter 910 and will extend proximaliy and distally there- 
from, es described more fully herein beiow. 
[0072] An inflation nrtedium wilt be introduced Into 
catheter 910 via Inflation lumen 926 provided in flexibte 
tube 912. The inflation medium wID pass through orifloe 
928 provided at the proximal extremity of housing 914 
and into inflation region 930 located between balloon 
918 and housing 914. 

[0073] Rexibto tube 912 Is further provided with aspi- 
ration lumen 932 which extends aidalty therethrough 
end terminates distelly In aspiration orifice 934 ioceted 
at the Interface between housing chamber 922 and flex- 
ibte tube 912. Flexible tube 912 is further provided axl- 
ally with flushing lumen 936 which extends distelly to the 
proximal end of fluking tube 938 provided within hous^ 
ing chamber 922. Rushing tube 938 and flushing lumen 
936 are met so as to prevent teai<age of flushing medium 
there between. Flushing medium will pass through a lu- 
men provided in flushing tube 938 until reaching flushing 
orifice 940 located distally In housing chamber 922. 
[0074] Other embodiments incorporating the means 
for withdrawing abraded material from within the hous- 
ing will be apparent to the skilled practitioner in vtew of 
the prindpies of the present invention. 


[0075] Frequently, an imaging means will be em- 
ployed te afford a transluminal image of a diseased re- 
gion of the patienfs vascular system. Preferably, an ul- 
trasonic transducer will be used to generate the imaging 
medium. A prsfened transducer, Ite associated circuitry, 
and a preferred mode of operation are described In U. 
S. Patent No. 4,794.931. 

[007q For example, Fig. 7D shows a cylindrical abra- 
sive head suitable for use in a sIde-on catheter device 
aoconjing to the principles of the present Invention. 
Transducer 744 is attached to the exterior of abrasive 
rotetable member 740. The transducer 744 win prefer- 
ably be positioned in a recess provided In the surface of 
member 740. The recess will be sufficient to ensure that 
transducer 744 does not Interfere with abrasion of 
elheromic material. lyplcaDy, tran^uoer means 744 wiil 
be circular in shape and will have an outer diameter of 
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0.635-2.54 mm (0.025^.100 inches). 
E. Guktewires. 

[P077] The catheters ofthe present Invention will usu- 
ally be Msod in conjunction with e guidewlre. The 
guidewire wiD be either a fixed or moveable type. When 
a fixed guidewlre Is used, the distal end of the catheter 
will be secured to the guidewlre. The guidewlre wlil help 
to identify the vascular channel through which the cath- 
eter will pass, thereby assisting in placement of the dis- 
tal end of the catheter adjacent stenotic materiel. 
[0078] When a moveable guldewine ts employed the 
guidewlre will be first inserted into a patienTs vascular 
system. The guidewlre wfll pass to the target stenotic 
material. The distal end of the catheter will be guided to 
the site of occlusion by the guidewlre. Usually, the 
guidewlre will pass through an orifice provided in the dis- 
tal tip of the catheter and will pass through the Interior 
of the housing, typicaliy via a lumen provided In the abra- 
sive head. The guidewire will extend proximally through 
a lumen provided for such purpose in the catheter until 
the guidewire exits the patients body. 
[9079] Figs. 8A-C present cross-sectionai views of 
exemplary catheter bodies incorporating a lumen for 
passage of a guidewire therethrough. For example, Fig. 
aA shows flexible tube810ofthecatheterbodyprovided 
with lumen 612. Lumen 812 afibrds passage of drive 
means 814 which is Itself provided with guidewire lumen 
816. Rexible tube 810 is further provided with lumens 
818, 820, and 822 which provide, respectively, means 
for aspirating dislodged material, means for flushing, 
and means for inflating an Inflafabia balloon. 
[0080] A cross-sectional view of a catheter body hav- 
ing an alternative design, is shown In Fig. 8B. TTius, flex- 
ible tube 830 Is provided with lumen 832 which accom- 
modates drive means 834. As shown, drive means 834 
need not have an axial lumen therethrough since the 
guidewire is passed through a separate lumen in flexible 
tube 830. R^ble tube 830 is ftjrther provided with lu- 
mens 836, 838, and 840 which allow, respectively, pas- 
sage of a guidewlre, aspirating means, and flushing 
means. Such a design is prefefred when an Inflatable 
balloon need not be preserit, e.g., when a fh>nt-end type 
catheter is employed. 

[0081] Rg. 8C shows a cross-sectional view of anoth- 
er prefened embodiment. In which the g uidewtre passes 
through a lumen provided in the flexible tube of the cath- 
eter body. Thus, flexibie tube 860 is provided with an 
axial lumen 852 which accepts drive means 854. Rexi- 
ble tube 850 is further provided with lumens 656, 858. 
860, and 862 which permit, respectlveiy, passage of a 
guidewlre, aspiration means, flushing means, and Infla- 
tion means. 

[0082] Other lumen patterns are consistent with the 
principles of the present invention and wQI be apparent 
to one sidlied in the art. The Inner diameter of a lumen 
provided for a guidewlre wOi vary according to the diam- 


eter of the catheter but wfll typically be 0.254-0.508 mm 
(0.010-0.020 inches) for smaDer catheters and 
0.635-1 .016 mm (0 025-0.040 Inches) for larger cathe- 
ters. 

5 

F. Method Of Uct. 

[0083] Preferably, the distal end of the catheter and 
Its abrasive head wlil be positioned adjacent target sten- 

to otic material with aid of X-ray fluoroscopy which readily 
identifles a catheter's location internal the patient. Such 
methods are well-known to those sidlied in the art 
[0084] When a sIde-on cath^er Is employed, an infla- 
tion balloon is preferably located opposite the target de- 

18 posit to cause the material to penetrate the aperture of 
the housing containing the abrasive head. The abrasive 
surfece of the head will grind against the stenotic mate- 
rial through a combination of rotational and trandatlonai 
motion until the material Is effiectlveiy removed ffom the 

20 vessel wall. Debris generated by the grinding process 
will be vacuum »pi rated via an aspirating means exter- 
nal the patient Preferably, a flushing medium is provid- 
ed to assist withdrawal of the particles. The «te of oo- 
dusion is inspected either concunent with or subse- 
ts quent to the grinding process to determine the extent of 
removal, preferat>ly by means of an ultrasonic transduc- 
er located on the surface of the abrasive head. The 
above series of steps can be repeated at a different site 
of occlusion in the same manner. 

30 [q085] Although the foregoing Invention has been de- 
scribed in detail for purposes of clarity and understand- 
ing, It will be obvious that certain modifications may be 
pradioed within the scope of the appended claims. For 
example, catheters constructed according to the prind- 

30 pies of the present invention may be equipped with two 
balloon members to better anchor the catheter in the 
vascular system. Also, when two balloons are provided, 
they may be ofteet from (flrectfy opposite the aperture 
of the houdng, thereby allowing removal of a portion of 

40 the housing directly opposite the aperture. Such a con- 
figuration wlil allow imaging of the vessel wall directly 
opposite target stenoses. 


4B Claims 

1 . An Intravascular catheter for removing stenotic ma- 
terial from a patienfs vascular system, said catheter 
comprising: 

60 

an elon^e catheter body (110. 21 0, 910) hav- 
ing proximal and distal ends (114. 214; 112, 
212); 

a housing (120. 218, 914) attached to the distal 
sa end (112, 212) of the catheter body (110, 210, 

910), said housing (120, 218, 914) having an 
open interior end an aperture (122, 220, 916) 
therethrough; 


8 


16 


EP 0 739 603 B1 


16 


a rotatsble member (126, 920) substanttaDy 
within the housing (120. 218, 914); 
means (924) for rotating the rotatable member 
(126,920); and 

means (932-Q40) wItM n the catheter body (110. 0 
210, 910) for withdrawing atyraded material 
from within the housing (120. 218, 914); char- 
acterised in that the rotatable member (126. 
920) has a substantially cyflndrtcal outer abra- 
sive surface for abrading stenotic material that 
penetrates the aperture (122, 220, 916) so that 
abraded material ooileds within the housing 
(120,218.914). 

2. A catheter according to daim 1 , wherein the rotat- is 
eble member (126, 920) includes at least one 
groove (616, 716) extending generally along an out- 
er surf^ of the rotatdble member (126, 920) ftom 

Its distal to proximal end, whereby abraded material 
may be withdrawn therethrough from a region distal ^ 
the rotatable member (126, 920) to a region proxi- 
mal the member (126, 920). 

3. A catheter according to claim 1 , wherein the hous- 
ing (120, 216, 914) Includes at least one groove 29 
(512) extending along an interior surface thereof 
from Its distal to proxinnai end, whereby abraded 
material may be withdrawn from a region distal the 
housing (120, 218. 914) to a ragion proximal the 
housing (120, 218. 914). 30 

4. A catheter according to claim 1 , 2 or 3, wherein the 
rotatable member (126. 920) has an axial lumen 
(636. 658). thereby pennltling passage of a 
guidewire therethrough. ^ 

5. A catheter according to claim 1.2, 3 or 4pWher^n 
the means (932-940) for withdrawing abraded ma- 
terial includes means (932, 934) for aspirating the 
interior of the housing (120, 218, 914) through an 40 
axial lumen (932) fomned through the catheter body 
(110.210, 910). 

6. A catheter according to claim 6. wherein the means 
(932-940) for withdrawing abraded material further <5 
comprises a means (936, 936, 940) Ibr flushlr^ the 
Interior of the housing (120, 218, 914). 

7. A catheter acoondlng to any one of the preceding 
claims, ftjrther comprising an ultrasonic transducer so 
(744) attached to the rotatable member (126, 920). 

6. A catheter according to any one of the preceding 
claims, farther comprising at least one inflatable 
balloon (224, 918) attached to the housing (920). S9 


PatentanaprOche 

1. Irrtravaskuldrer l^eter zur Entfemung stenoti- 
schen Materials aus dem GefdOsystem eines Pati- 
enten, welcher Katheter umtost: 

einen Igngilchen Kathetericdfper (110, 210, 
910) mil einem proxlnrmten (korpemahen) und 
einem distalen Ocdrperfernen) Ende (114, 214. 
112, 212); 

ein GehSuse (120, 218, 914), das am distalen 
Ende (112, 212) des Kathetertcdrpers (110. 
210, 910) befsstigt ist, wobei das Gehduse 
(120. 218, 914) ein hohies Inneres und eine hin- 
einragende Ofinung (122. 220, 916) aufwelst; 

ein rotierbares Bement (126. 920). das sich Im 
wesentlichen innerhaib des Gehduses (120. 
218. 914) befindet; 

eIne Vbrrichtung (924) zur Rotlemng des roUer- 
baran Elements (126. 920); und 

eine Vorrichtung (932-940) Innerhaib des Ka- 
theterkorpers (110, 210. 910) zur Entnahme 
von abgeriebenem ly^aterlal aus dem Gehdus- 
einneren (120. 218. 914); dadurch gelcenn- 
zeichnet, dass das roOerbare Element (126, 
920) eine im wesentlichen zylindrische iuRere 
Abriebsfiache zum Abreiben von stenotischem 
Material aufWeist, das in die Offhung (122. 220, 
916) eindringt. so dass sich ebgeriebenes Ma- 
terial Innerhaib des Gehduses (120, 218. 914) 
ansammelt. 

2. Katheter nach Anspnjch 1, wobei das rotierbare 
Element (126. 620) mindestens eine Furche (616. 
716) umfasst, die dch genereil enttang einer Au- 
Qenseite des rotlerfoaren Elements (126. 920) von 
seinem distalen zum proxlmalen Ende erBtreckt, 
wobei ebgeriebenes Material durch sle hindunch 
von einer Region distal zum rotlert>aran Element 
(126. 920) zu einer Region proximal zum Element 
(126, 920) enlnommen werden Icann. 

3. Katheter nach Anspnich 1, wobei das Gehduse 
(120, 218, 914) mindestens eine Furche (512) um- 
fasst, die sich entlang einer InnenflSche davon von 
seinem distalen zum proxlmalen Ende erstredct, 
wobei ebgeriebenes Material von einer Region di- 
stal zum Gehause (120, 218, 914) zu einer Region 
proximal des OehSuses (120, 218, 914) entnom- 
men werden kann. 

4. KatheternadhAnspruch 1,2 Oder 3, wobei das n>- 

tierbare Element (126, 920) ein axlaies Lumen 
(636, 656) auNveist, durch welches der Durch^ng 
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eines FOhrungsdrahtes ermdglicht wild. 

5. Kafheter naqh Anspojch 1, 2, 3 Oder 4, wobei die 
VDrrtafitung (932-940) zur Entnahme von abgerle- 
benem Material eine Vbrrfchtung (932, 934) zum 
Absaugen des Inneren das Gehiuses (120, 218, 
914} durch ein axtates Lumen (932) umfasst, das 
durch den KattieterKdrper (110, 210. 910) verlfiuf!. 

8. Katheter nach Anspruch 5, wobei die Vorrichtung 
(932-940) zur Entnahme von abgeriebenem Mate- 
rial autterdem eine Vorricmung (938, 936, 940) zum 
SpQIen des inneren des Qehduses (120, 218, 914) 
umfasst. 

7. Katheter nach elnem der vorangehenden AnsprO- 
Che, aufierdem umfassend einen Ultraschall- 
T^ansduMor (744), der am roderbaren Element 
(126, 920)anoebiBchtlst. 

8. Katheter nach einem der vorangehenden AnsprO- 
che, auQerdem um1i£»send mindestens einen auf- 
blasbaren Ballon (224, 91^, der am Gehduse (920) 
angebfBcht ist 


Itovendlcatlona 


d\jne surface extdrleune de Pdldment rotatif (128, 
920) de son extrdmitd distaie d son axtrdmitd proxi- 
male, grdoe k quo! ie mat6r1au abrasd peut dtre re- 
tln6 d travers oelul-d tfune region distale de r6l6- 
6 ment lotatlf (1 26, 920) 6 une rdgion pro3dm«le de 
radment (128, 920). 

3. Cath^er selon la revendication 1, dans lequel te 
boTtler (120, 218, 914) comprend au molns une ral- 

10 nure (512) s'dtendant Ie long d'une surface int6rfeu- 
re de cetui-d de son extremite distale d son extr^ 
mltd proximate, grdce d quoi Ie mat^riau at)ra86 
pent etre retire d'une r^ion distale du boftla- (120, 
218, 914) ^ une region proximale du bortier (120. 

15 218. 914). 

4. Cath^er selon la revendication 1, 2 ou 3, dans le- 
quel i'6i6ment rotatif (126, 920) comporte un con- 
duit axial (836, 658), permettant ainsi Ie passage 

20 fPun fll de guldage d travers oelul-d. 

6. Catheter selon la revendication 1, 2, 3 ou 4, dans 
lequel ies moyens (932 - 940) pour retirer Ie mat^ 
riau at>rBsd oomprennent des moyens (932, 934) 
25 pour aspirer ilnt^rieur du boHier (120. 218, 914) & 
travers un conduit axial (932) fomnd k travers Ie 
corps de ca1ti6ter (110, 210, 910). 


Cathdter intravasculalre pour retirer un matdrlau 
sidnosd du systdme vasculaire d'un patient, ledit 
cathdter compnenant : 

un corps de catheter allongd (110, 210, 910) 
comporlant des extrdmitds proximale et distale 
(114, 214; 112, 212); 

un boltier (120, 216, 914) fbc6 k rextr6mit6 dis^ 
tale (112, 212) du corps de catheter (110, 210. 
910), ledlt boltier (120, 218, 914) comportant 
un int^rieur ouvert et uneouveriure (122, 220. 
916) k travers celui-d ; 

un 6l6ment rotatif (126. 920) aenslblement k 
l'lnt6Heur du bottler (120. 218, 914) ; 
des moyens (924) pour fairs toumer Pdldment 
rotatif (126. 920) ;et 

des moyens (932 - 940) k rintdrieur du corps 
de catheter (110, 210, 910) pour retirer Ie ma- 
t6r1au abras^de rintdrieur du boTtier (120. 218. 
914) ; car8d6ri$6 en ce que I'^dment rotatif 
(126, 920) comporte une surface abrasive ex- 
t6f1eure sensibiement cylindrique pour abrsser 
Ie matdrlau st6nos6 qui p6ndtre dans Pouvertu- 
re (122, 220. 916), de telle sorts que le mat§- 
rlau abras^ solt recueiill k rint^eur du boTtler 
(120, 218, 914). 

Cath^ selon la levendlcation 1 , dans lequel r6l6- 
ment rotatif (1 26. 920) comprend au moins une rai- 
nuns (816, 716) s'dtendant globalement Ie long 
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Cathdter selon la rsvendicatlon 5. dans iequel Ies 
moyens (932 - 940) pour retirer le mat6riau abras^ 
oomprennent de plus des nviyens (938, 936, 940) 
pour ilnoer llntdrieur du boltier (120, 218, 914). 

Cath^er selon Tune queloonque des revendica- 
tions pr^cSdentes, comprenant de plus un trans- 
ducteur ultrasonore (744) fix6 k PMrnent rotattf 
(126, 920). 

Catheter selon Tune quelconque des revendica- 
tlons pr6c6dentes, comprenant de plus au moins un 
ballon gonflable (224, 918) fxA au boTtier (920). 
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